Dynamics and reactivity in Thermus aquaticus N6-adenine methyltransferase.
M.TaqI is a DNA methyltransferase from Thermus aquaticus that catalyzes the transfer of a methyl group from S-adenosyl-L-methionine to the N6 position of an adenine, a process described only in prokaryotes. We have used full atomistic classical molecular dynamics simulations to explore the protein-SAM-DNA ternary complex where the target adenine is flipped out into the active site. Key protein-DNA interactions established by the target adenine in the active site are described in detail. The relaxed structure was used for a combined quantum mechanics/molecular mechanics exploration of the reaction mechanism using the string method. According to our free energy calculations the reaction takes place through a stepwise mechanism where the methyl transfer precedes the abstraction of the proton from the exocyclic amino group. The methyl transfer is the rate-determining step, and the obtained free energy barrier is in good agreement with the value derived from the experimental rate constant. Two possible candidates to extract the leftover proton have been explored: a water molecule found in the active site and Asn105, a residue activated by the hydrogen bonds formed through the amide hydrogens. The barrier for the proton abstraction is smaller when Asn105 acts as a base. The reaction mechanisms can be different in other N6-DNA-methyltransferases, as determined from the exploration of the reaction mechanism in the Asn105Asp M.TaqI mutant.